Abstract. Using data from the ATNF pulsar catalogue, 186 binary pulsars are shown in the magnetic field versus spin period (B-P) diagram, and their relationship to the spin-up line is investigated. Generally speaking, pulsars in binary systems should be below the spin-up line when they get enough accretion mass from their companions. It is found that there are seven binary pulsars above the spin-up line. Based on the parameters of these seven binary systems, we describe possible reasons why they are above the spin-up line.
Introduction
A binary pulsar system is a pulsar with a companion, often a white dwarf, neutron star or massive star. When a neutron star is formed from the supernova, it has a high magnetic field of around 10 11−13 G and slow spin period of around 0.1−10 s. In a binary system, with the accretion mass of 0.1 ∼ 0.2M ⊙ from the companion, a neutron star will be spun up to several milliseconds, while its magnetic field will decrease to ∼10 8−9 G (Bhattacharya & van den Heuvel 1991; Manchester 2004; Stairs 2004; Manchester, Hobbs, Teoh & Hobbs 2005; Wang, Zhang & Zhao et al. 2011; . During the accretion, the flow drag the field lines asides to dilute the polar field strength (Zhang & Kojima 2006) . When a neutron star gets to its minimum spin period to which such a spin up proceeds in an Eddington-limited accretion, we can get the spin-up line (Bhattacharya & van den Heuvel 1991) : B 3 , where B 9 is the magnetic field in units of 10 9 G, R 6 is the stellar radius in units of 10 6 cm, m is in unit of solar mass. After the accretion phase finishing, the radio emission of the fast rotating neutron star can be detected as millisecond pulsar whose spin period is less than 20 milliseconds (Alpar, Cheng, Ruderman & Shaham 1982; Tauris 2012 ).
Evolution of Pulsar in Binary system
Up to now 186 pulsars (including 136 millisecond ones) have been found in binary systems (data from ATNF pulsar catalogue). Fig. 1 shows us their distribution in the B-P diagram. In binary systems, pulsars will evolve below the spin-up line after accreting a sufficient amount of mass from their companions. However, there are seven binary pulsars which lie above the spin-up line, as shown in Fig. 1 . We arranged them into two groups according to their companion masses: the first one with the massive companions (M > 4.0M ⊙ , No. 1 ∼ 4) and the second one with the degenerate stars (white dwarf or neutron star, No. 5 ∼ 7). The parameters of seven binary pulsars are listed in Table 1 .
The common characteristics of the first group (No. 1 to 4) are their massive and nonrecycled companions. They all have high eccentricities and long orbital periods. The accretion phase has not yet started. Due to these characteristics, it can be said that they are un-recycled pulsars whose companions are still in the main sequence in binary systems. Or they are on the way of evolution, where the first born pulsars are experiencing the spin-down with no accretion.
The second group (No. 5 to 7) includes the recycled pulsars. PSR J1906+0746 (No. 5 in the Fig. 1 ) with mass (1.25M ⊙ ) has a neutron star companion of mass 1.37M ⊙ . Comparing the mass of the two neutron stars, it is inferred that the heavier one is a recycled pulsar and the lighter one is a non-recycled pulsar. From the evolution history of double neutron stars, the heavier progenitor star explodes first to form a neutron star, and then the lighter one evolves until to its supernova explosion. During the evolution of the second star, the first formed neutron star will accrete matter, leading to its recycling. The short characteristic age of J1906+0746 (τ =113000 yr) indicates that it is a recently formed young pulsar after the core collapse, which is the reason why its B-P position lies above the spin-up line. B1820-11 (No. 6 in Fig. 1 ) possesses a slightly massive white dwarf (M c = 0.78M ⊙ ) as its companion. From its parameters (τ =3.22 Myr, B=6.29×10 11 G and P =279.829 ms), we suggest that it is a young recycled pulsar. If we reconsider its radius as 15 km or 20 km instead of 10 km in the spin-up line equation, then its magnetic field is about 3.0 × 10 11 G and 1.6 × 10 11 G, respectively. Therefore, in Fig. 1 , the position of B1820-11 with the new magnetic field value will lie below the spin-up line. The evolution history of this 
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3 pulsar can be understood in this way: the initial magnetic field of neutron star can be as high as B ∼ 10 13 G, and it can evolve from the position of long spin period to that of short spin period after the neutron star accretes about ∼ 0.001M ⊙ , while one to two magnitude orders of magnetic field has been deducted. J1141-6545 (No. 7 in Fig. 1 ) is a pulsar of mass 1.3M ⊙ with an 1.02M ⊙ optical white dwarf as its companion in binary system. With the short orbital period (P orbit = 0.1977d) and low eccentricity (e = 0.1719), it can be derived that this pulsar acquired the accretion mass easily and followed up the recycled process. There is about 0.001−0.01M ⊙ accretion mass added to this pulsar that can lead to its magnetic field deduce two magnitude orders from its initial values. Following the similar procedure of binary pulsar B1820-11 (No. 6) , by setting the neutron star radius as large as R=20 km, the magnetic field of J1141-6545 will be about 10 11.6 G, which makes this source just below the spin-up line as a new born recycled pulsar. Therefore, the evolution picture of this pulsar can be depicted like this: the progenitor of J1141-6545 may be a star with the strong magnetic field ∼ 10 13.6 G, and its field decays two magnitude orders with the accreting mass of about 0.001M ⊙ .
Conclusion
In a binary system, with enough accreting matter from the companions, a pulsar should be below the spin-up line. With the distribution of 186 binary pulsars in B-P diagram, it is noticed that seven pulsars are above the spin-up line. Four of them have massive companions (M > 4.0M ⊙ ) and are young pulsars which are quickly spinning down. They have not started their recycling processes. The other three binary pulsars with recycled companions have not experienced the recycled processes: one system is a double neutron system. The observed pulsar is a young one with a recycled neutron star. The other two systems include degenerate stars (NS+WD), where the pulsars can be understood as newly formed recycling pulsars at the Eddington rate; and their B-P positions can be shifted to just below the spin-up line by assuming a different neutron star radius, e.g. R = 20 km. 
